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SIMIARY

'The Goodyear Aircraft Corporatibn, in accordonce with paragraph 7 of Amendment 8
of the Office of Maval Research Contract NCar 2368(00), tosted Airmat* fabrics
%0 determine the characteristics of thesce materials used in the construction of
the GA 468 Inflatoplane**, Thysical properties of the Airmat cockpli, wing, and
empenhage surface materlals are presented from rotoflex, creasing permesbility,
tear'strength, eyelic leading and cylinder elonpgution tests. Additionélly,

ving surface materials and drop threzds were sublected to quick bresk, dead
load-tire; and panel burst teeis. Tests wers also conducted on used aircraft to
determine the effects of packaging atl %o estublish the sircrsft service 1ife
based on application of the 1imlt load. Physical tests substantiate the ability
of the materlal %o vithsinnd mechhnicai sbuse; deud load end panel burst tests

indleate material strength degradutlen with ege and use.

The Inflatoplane service life, 28 deternined by the linit loud test, 1;
conservativaly ealeulated ag being a minimum of 12,000 hours, surpassing the
7500 hour minimum recuired of & vchiele of this eategory. M chand oul abuse
reculted in only minor materials deprudation and doss not significantly reduce
the vehiclor orvice 1ife. Subctantinting this ia (1) the two to three parcent
increase in ieuk rate resulting from 75 puckaging operations, (2) the minor

inercuge in permenbility of hydrogen after rotoflex and cyclie louding und (3}

.--.uu---a--‘-o—&oc—————-——.—’.o--‘-—-—-—--

*tn OGoodyene Tire and Rubler Co., Akron, Ohio
;a
Y Goodyear Alreraft Corvoration, Akron 15, Ohlo

4
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material strength after rotoflex and creasing. Permeability to hydrogen is not
increased by rotoflexing; however,’it does increage after applicztion of a
cyclic lond of 10,000 cyeles by a factor of 3 tb 5 for the cockpit and empennage
and a factor of 10 for the wing material, but does not incroase notuble there-
after up to 100,000 cycles, IAfter rotoflexing and creasing material stremgth = :

is reduced by approximately 2 to 5 percent for the cockpit und empennage und 7

percent for the wing.

Except for the cockplt materisl of the physical tests and the new meterial used

 in the dead load and panel burst tests, all specimens were fabricated of Airmat

materials from vehicles In excess of four years old which had been subjected :(
- to loads sricountersd during deﬁonstrutlon and/or test programs conducted during |
‘this period. Hence, the dutu preconted substantintes the ability of these

falrics tb verform as a struciural muterial efter significant‘agiﬁg end time

!mde!‘ 1°nd .

vi
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SECTION I « IWTRODUCTICK

The GA 468 Inflatoplane derives many unique capabilities from the utilizatiom
of Airmat as a major structural component, The alrcraft cockpit, empennage, and
wing are all constructed of Alrmat providing a lightueight; high strength.
vehicle possessing packagability, overload recovery, flotation, ease of repair,
and logistic characteristics exceeding those offered by other vehicles of this

type.

Alrmat coneists of two layers of fabric impregnated by an elastomer or resin to
withstend pressurization, joined by drop threads extending between the upper and
lower fabric surfaces, When presoiirized, an Airmat section attains a pre-

determined shape as estahlished by the lengths of the drop threads (see Figure I-1),

Since Airmat structures maintain thelr structural integrity by their ability to
withstand pressurizaticn, it 1s nececssery that they maintain this pressure holding
capability for a reascnable period of time. Detrimental to this capability are
two factors (1) the natural degradation of the material with age, and (2) the
mechanicel abuse of the material by the otherwise advantageous feature of being
inflated, deflated, pﬁckaged into a small space, and reinflated again for use.

In connection with the development of the Inflatoplano, the quosiion arose ag to

how those detrimental factors influence the service life of the structure. In

response to Amonduent 8 of Contract NOnr 2368 and in order to determine this

influcnce, a test propgram for an "Airmat Materials Investigation of ¢he GA 468
Inflatoplane® was initinted,
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'~ Zhe tent program consisted of:

(1) panel bursh #eoner

{(2) packaging tests

(3) fabric life teets urder the 2.5 g limit load

{4) physical tests of surface materials to include Rotoflex, Creaéing,
Tear Strength, Seam Strength, Cylinder elongation and Cyclic loading

tests
(5) dead lcad tests on the surface fatric and drop threads of the Airmat

wing materials

In conducting the tests of items 1, 4, and 5, specimens of both new and used
materials were tested for comparative purposes, For evaluating items 2 ard 3,
airplanes were selected which had previously been subjected to a large number

of structural, wind tunnel, and/or fiight tests,

? The purpose, method, results, aud significance of cach of these tests are found

in the following sections of this report.

b
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A. GENERAL

A prescure safety factor of 4.Q was estublished as the crifterion of the
Inflatoplane design. (References IVel Sec. 1,00.050} Based upon this

factor of safety and the recormended operating pressure for the Inflatoplane

of 7 pel, the Inflatoplenc eomponents should have an interhal pressure - ;

ultimate load eapability of 28 ps! minimun.

One method of testing the pressure safety factor is by bursting represente
ative ponels, For this type &f test, the panels are !abricatad tosimulate
the structure and are inflated rapidly until a panel burst is experieﬁeed.
In this manner the average burst pressure is obtained and, sinee pregsure

sefoty factor = gver:ige burst prossure 4 & check of the design pressure
operuting pressure

safety factor is obtuined. The wing of the Inflatoplane being the most
critical socction, it wos decided thut ponel burst tests should be concernad

primarily with ponels fabricated from wing sections,

During the development nhase of the Influtoplane, o series of panel burst
tests were vun on 4' x 4' nunels of the Alrmat wing material. The average
burst peossure of these punels was 30 psi und the resulting pressure saféty
factor, 30/7 or 4.28. Theso mumbers huve boen presented as control values

for direct comnurison with thn results of tho renect tosts,

Two fugtors wore presont which Jumtified ropeutiﬁg pancl burst terts as

part of this Infletoplnna Mitarinle Tnvestipntion Study. Nrtoriul strength
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dogradation with aging and the presence of “herd wrinkles" in the Airmat
surfaco plies were the two !actora’uhich could be evaluated with data
obtained from panel burst tests. "Hard wrinkles® in Airmat, defined ae
a lapping or bunching of the Airmat surface nnterial»undor the bias cover
ply, occurs dﬁring the doudbling process when the bias cover pliea are
applied. The structural effect of these wrinkles has provicusly been
eveluated in cylinder burst and strip tensile tests as reported im
Enclosure 4 of reference II-1l. The presence of *hard winkles" led to the
serapping of four (4) Inflatoplene wing panels as reported therein.
However, detection and hence elimination of all such wrinkles in new

materinl 1s (1) quite difficult since they are internal and (2) unrecessary,

based an the results of the previously mentioned tests.

Hence, to deterrine the strength reduction with age and to further justify
the decisions on "hard wrinkles" listed in reference II-1, panel burst

tasts on Airmat wing sections were conductéd.' ’ ;

APPARATUS AND PROCEDURE

Six Airmat §anela were fabricated of the A-350 Inflatoplane wing material,
three of new material, and three of material from a used wing (serial No.
4A111). The material was cut such that all panels had a nine-inch drop
yarn length, were basically square in planform, and exceeded two feet in
both length and width, The open-ends were sealed by seam-closing. To

prevent fallure in the seams, particular ecare wag taken in rounding the

corneras and in making the seams,
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threinforced hard wrinkles were precent 4n cach of the puncls fabricated :
of both new and used materiai., By comparing these resulis with previous

penel burst data of new material without "hard wrinkles" a direct evaluation
sﬁould bs nossible for determining (1) the effects of "hard wrinkles" alone

and (2) the combined effeets of "hard wrinkles" slus aging. I4 should slso:

be noted that the usced samples uwere made from the wing of the aireraft which
had previously been used for both demonstration purposes and for the fabric
life studies described in Section IV. Hence, in addition to *hard wrinkles® i
[
{

and aging, this wing had experienced abuse equivzlent tc the anticipated

1life of the aircrafi. o

Since febric strength is a functicn of time under load, it was the purpose

E
of these tests to dncreace the pressire ranidly to burst pressure, thereby ‘{
| I

obtaining the true burst pressure of ¢the malerizle.

C. RESULTS AND DISCUSSION

All panels were pressurized and burst., All failed in the surface plies

rather than the drop threads or scams; hence, all breaks are considered

good. Th.: results are presented in Table Ile].
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TABLE II=1
Airmat Panel Burst Tests
Matorial; A-350 Alrmat Ving Burst Presrure
(psi)
New
ist panel 2.5
2nd panel ' . 315
3rd panel 2745
' 29.5 Avg.
Used
1st panel ’ . 27.5
2nd panel 23.5
3rd pansl ' 23.0
' 247 Avg.

The effect of hard wrinkles on the new A-350 wing is considered nogligibie
as the differonca of aversnpge values (30—29;5 = 0,5 psi) is within the
scatter of the test data, Computingva factor of safety for the new material
using the average burst wresrure, 1% is 29.5/7 = 4.22 vhich is in excess

of the reculred safety of 4.0.

In comparing the combined effects of aglng and hard wrinkles on the

Airmat A-350 wing matorial is observed that the factor of safoty is -
roduced 10 24.7/7 = 3.53 by ualng the aver:ipe burst pressures. This is
about an 18 percent reduction in safety factor from the control value of
428 ond about 12 percent below the 4,0 valuc recuired. Careful Inspection
of tho ponels following the test revealed that most fallures did orginaﬁe
in the uron of a hurd wrinkle.
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D.  CONCL.USIONS

Based on the results of the panel burst terts, the existence of small hard
wrinklea does not signifieantly reduce the design pressure factor of safety
of the Inflatonlane. The alrcraft initisally nossesSes a factor of safety
of 4.28 which compores quiie favorably with the resulting safety factor of

4«22 when hard wrinkles are present in the wing fatric. Both of these values

exceed tho pressure safety factor cf 4.0 required of the design.

The burst tegts of Alrmat panels four years old which contained "hard wrinkles",
and had been previeusly subjected to abuse equivalent to the anticipated

service life of the vehicle resulted in a pressurc safety factor of 3.53,

Althowgh this value is 12 nercent lower than the desipn safety factor of
4.0, it is remarkably high considering the punishment endured prior to

conducting these tercts,

Although mogt breaks did originate with a "hard wrinkle" the data substantiates
that the presence of wrinkles alone does not sipgnificantly effect the panel
stren;th, Heuce, the recommended fix of apnlyin; an cdditional surface ply

ovor n wrinkled area appears most satisfactory, (refcrence II-1),
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snc'rxoii TII - PACKAGING TESTS

A. GENERAL

An Inflatoplane derives unique capability by possesaing the advantageous
features of baing deflateble, packagabls into a small space for storege
.and handling, and quickly reinflatable again for ﬁse. The mechanical abuse
of the materials resulting from such action has pever been fully explored.
In order to determine the eftent of these packeging effects on the fabric
materials, especially Airmat, GAC performed packaging tests as part of the

Inflatovlane Materials evaluation program.

Damage to the Inflatoplane materials during packaging will result primarily
from (1) abtrasicns or scratches inflicted by rigid hardware and components
or (2) from tight creasing of the material at the folds. It is possible

4o establish the extent of such demcgs by subjecting the structure to a

number of packaging and unpackaging sequences while éyetematically recording

the leak rate and computing any increase., .
B, APPARATUS AND PROCEDURE

By mutual agreement between OIR and GAC a rejected Inflatoplane wing with
44s assoclated hardware was accepted as a representative substitute for a
complete airplane., The only available wing was from aircraft serial number .
4107 which had previously been sublected to the NASA lLangley wind tummel
tests. Since the wvind tunnel test vrogram included testing to the ultimate

Joad, this wing had exporienced dumage from a test feilure, louving the
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basic wing material in a questionable stute. Due to the condition of the
- material, 1% was uncertain at the onset whether the structure would
éurvive nany packaging operations without a:periencing a considerable

change in lesak rate,

' Following the repair of two large tears and ten minér leaks, the wing was
inflated to operating pressure (approximately 14 inches of mercury) and
coated with a soap solution to deternine the.initinl state. Although lemka
vere found and recorded in both the upper amd lower surfaces, all wsre
minor in nature and the wing held praseure reasecnatly well, losing only

0.12 inches of mereury pressure in twenty minutes (see Table III-1).

The wing wag then subjected to packaging and unpackaging operations in
accordence with the procedure prescribed in the Inflatoplane handbook,
reference 1II=1, The wing was folded chordwise - trailing edge to leading
edge - and then folded from the tip to mid-span by wrapping the fabric
around the wing-tip skid., Tight folds ware made and vhen each semi-span
Was ﬁacksged at the center i4% was oubdected to a man sitting and bouncing
on the package for approximately 1 minute. The wing was then unfolded.
After completing this operaticn five times, the wing was inflated to 14 in,

‘of mercury and held for 15 mimtes.

" Preliminary investigation shows that in order to obtain conaistent data
this soaking perlod was very c:itical beeause of the creep properties of
Wlon. Therefore, each time tho lesk rate was checked, the soaking time -
at the inflation pressurs had to be identical., A 15 minute perlod was

10
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tbitrarily chosen., After the wing was subjécted to 14 in, of mercury for
15 minutes the leak rate was checked by manometer every five minutes for

an additional period of 20 minutes,

The wilng was then evacuated of alr by a vatuum pump and subjected to five

more packaging cycles after which the leak rate was again checksd. Thie
procedure was fbllcwed for a total of 15 cycles resulting in 75 separate

packaging operations,

At the conclusion of the tests the wing was again coated with a soap sélution
%o determine its condition. Careful inspection revealed one additional

~ leak o the top surface and one on the bottom surface. The lesk rate was
then chegked after the wing was inflated for a perliod of approximetely 1 hour,
corresponding to thé soak period the wing was subjected to at the atart of
the tests.

G. RESULTS AND DICCUSSION

The reaults of the packaging tests are recorded in Teble III-1. Wing
pressures ar. given in inches of mercury for each successive series of 5

packapging eycles through a total of 75 packagings. In each case, the z6ro

tlme recording correaponds to the initial presgure aftor a 15 minute soak
period at the a}rcrnft eperating pressure (14 inches of Mergury). Successive ‘u
presture roadings correspond 4o an additionml § minute time interval through

a total of 20 minutes. Thevinitial and {inal pressurs recordings include

a one-hour 3oak pericd,

An onen tudbs manometer was used to dotermine the pressures; hence, reading

accurncy wns limited to ons tonth of an inch. The second dezimal place
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appearing in the data table wgé obtained by §isual extrapolation of the
manometer scale. Also, since pressure differential was being obtained,
slight detviations in atmospheric pressure would affect the readings.
Temperature fluctuation would also effect the pressures somewhat. No
attempt was made to correct the data for these three variabies since only
Slight

large pressure losses were of int .rest to the test rosults.

discontinuties which appear in the data table can be attributed to the

presence of these variables.

T
SR e R T R T DT
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TABLE III -1

LEAK RATE MEACUREVENTS

Pressure (in Hg).
Soaking Time O 5min 10 min 15 min 20 min

Inftial check 1Hr 14,00% 13.98 139  13.92 13.88% ]
After 5 folds 15 min 14,00 13.88  13.75  13.65  13.50 .
After 10 folds 15 min 14.00  13.90 13.70  13.55  13.40

After 15 folds 15 min 14,00 13.90 13.80  13.68 132
After 20 folds 15 min 14,00  13.90  13.80  13.65 13.50 |

CAfter 25 folds 15 min 14,00 1384 1372 13.70 13.65
Afber 30 folds 15 min 14,00 13,90  13.75  13.58  13.45
After 35 folde 15 min 14.00  13.88  13.73  13.55  13.40
After 40 folds 15 min 14.00 13.90 13,78 13.65 13.48
After 45 folds 15 min 14.00 13,90 13.75 . 13.63  13.45
After 50 folds 15 min 14.00 13.85 13,72 13.62 13.45
After 55 folds 15 min 14.00 13,90 13.80  13.65  13.48
After 60 folds 15 min 14,00 13,88 13.80  13.70  13.60
After 65 folds 15 min 14,00  13.88  13.75  13.65 13.50
After 70 folds 15 min 14.00 13.85 13.65 13.55 13.42
After 75 folds 15 min 14.00 13.80 13.7 13.55 13.45
PMnal chock 1 br 14.00* 13,90 13.75 13,65 13.50*

*Seo computntions of packaglug results in Part D.

13
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D.

CONCLUSIONS

The results indicate that after the first 5 packagings, the leak rate
remained constant for all practical purposes. It can be assumed, therefore,
that the two additional leaks found a% the conclusion of the tests occurred
during the first five folding operations. Since the diffusion rate of the
wing did not deteriorate with subsequent packaging cycles and considering
the initial condition of the wing, the primary causSe of these leaks was
probably not due to packaging Wt was the result cfdefective materdal. No

damage to seams or reinforcemadt patches was evident at the end of the

tests.

Comparing the pressure loss of the initial and final readings (starred

tablé values) the results of 75 packagings are as follows:

P initial = 14.00 - 13,88 = Q.12 in. mercury

P final = 14.00 = 13.50 = 0.50 ia. mercury
increase in A P = 0.38 in. mercury

or 3+ terms of percent

p = (100) ud = 2.75% increase in rate
* 13 L ] 88

of prescure drop for a time interval of 20 minutes.

In light of the above test results, it is apvarent that repeated packaging

has 1ittle or no effect on the life of the Inflatoplane.
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SECTION IV = FAPRIC LIFE UNDER LIMIT LOAD

GENERAL

As.part of the fabric evaluation program, tests were conducted to provide
data applicable for predicting an aircraft service life, To accomplish

this within the scope of the =inimum effort program, en endurance load test
was devised whereby the 1limit flight load would be continuously epplied to
the aircraft for a period of 100 hours. Although this type of test is not
in accordance with reference IV-1 (Mil-A—SSéé(ASG)) used for substantiating
aircraft service life, fabric fatigue 11fe is more dependent upon time-load
effect rather than e cylic load condition as is the case with metels. There-
foré, by applying the design 1limii load for an extended period of time, it
¢an readily bg established that the aircraft develops a significant factor

of safety at this most critical leading condition,

After suceessfully completing 100 hours of gontinuous limit load testing
it was decided to continue the tects in an effort to provide more effective
data. Test'.g was finally teruinated after completing 336 hours without
failure,

APPARATUS AND PROCEDURE

The tests were eonducted on a model GA 468 Inflatoplane which consisted of
a wing from aircraft -serisgl number 4111 and a fuselage, cockpit, and
cnpormage from serial numper 4108, Both of these planes had experienced
considerable service prior to these life tests, having been used during
tho develonnent phasaé for £light demonsiration wind tunncl and static
tosting purvoses.

15
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Since these tests were to be conducted without engine, engine mount, fuel

or pilot, the pl@ne was initially weighed and the c.g. posltion determined.

The airplane was next inverted end suspended from the.roof structure by
means of a sling seven inches wide positioned around the fuselage., The
suspension band vas placed six inches fo}vard of the required c.g. position
due to interference with the aircr.ft alt ving brace cable system, To |
compensate for the resulting tall'heaviness a 100 pound weiéht vas added

at the cockpit bulkhead station.

To simulate the 2.5 g limit load condition the following computatiops were
made: |
‘Inflatoplane gross weipght 550 1bs
550 lbs x 2;5 g ® 1375 1bs
Wing welght = 50 1lbs
Wing inertia = 50 1lbs x 2.5¢ = 125 1bs

Required wing loading 1250 1bs

The cockpit .oad which gives the equivalent moment to the limit load

moment is 685# (Ref, IV-2, GER 9861,pg 2.06.030) 1.e. 11,125 1n«lbs/16,5 8n.
= 685# which includes a pilot weight of 240 pounds and tha corresponding
cockpit and instrumentation weight., Also, the 1imit load condition occcurs
when the airplane angle of attack (&£) is approximately 13.8 degrees, eas i@
shown 4n Ref, IV-2,GER 9861,pg 2.00.030, Figure 1V-1 illustrates the loading
arrangement achemutically and Figure 1§-2 is a three quarter photographias
vieu of the set up. As can be seen in Figure IV~l the airplane was suspsnded
to simulate the proper attack angle and tho desired cockpit load was

16
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obtained by resting the nose of the plane on a pedestal supported at the

proper cockpit position by a floor scale.

To simulate the 2.5 g load'condition, 1250 pounds was added along the

ving span at the qugrter chord by apnlying 25 pound shot bags symmetrically
at each of the following stations (measured in inches spanwise'from the
aircraft longitudinal centerline): 2, 5, 9, 14, 18, 22, 26, 31, 35, 39, 44,
48, 53, 58, 63, 67, 72, 77, 82, 93, 99, 105, 112, and 121. |

Tape measures were fastened to the wing leading edre at six stations, i.e,
approximately 14.5, 77 and 127.5 inches, symmetrically from the centerline,

for wing deflection measurements,

The Inflatoplane was inflated and thereafter held at a constant pressure
of 7 psi by means of a pressure regulator, Air supply was from the factor&

alr pressure system,

To indicate the time, if failure should occur during the night when the
arrangement was uhattended, én electric clock was set up with two switches
in itas circuit. The switches were located at each wing tip and mechanically
conrected %0 thewing in such a manner that the circuit would be broken and

the clock stopped in the event of a structural failure,

The test was started en 5 December 1960 when the wing load was applied after
zero deflection readinga'vere taken. Ihmediately after application of the
load,'wing doflectioné were again recorded. Thereafter wing defleetions

vare recorded twice dally,
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‘. , Figure lVe2 = Test Aprangement
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The loed wae removed on 19 December 1960 = after a total of 336 hours.

Deflection measurements vere recorded after removing half the load and

'again after all load had been removed. Finally, two more readings were

taken at 4 hours and 23 hours after load removal before the test arrange-

ment wes disassembled on 20 December 1960,
RESULTS AND DISCUSSION

1. Deflections
The deflections measured during the test are presénted in Table IV-1
and are shown graéhically in Figures IV-3 and IV~4. Figure IV-3 shows
the maximum deflection over the wing span and Figure IV-4 shows
deflection versus time for the wing tips, Stations 1 and 6, and the

. outer brace calle points, Stations 2 and 5. In the plots of Figure IV-3
and IV-/ average values between left and right eide are shown; however,
as can be seen from the date of Table IV-1, the left wing showed greater
deflections than the right wing, This may be attributed to either of |

the following reasons:

(a) The wing of the airplene used for the test had been previously
subjected to a great number of tqéts, vhich may have resulted
in a permanent set particularly on the outboard left wing.
Figure IV-5, which gives a front view of the test set-up before

loading 1llustrates the presence of some permanent wing warpage.
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(b) An effort was mede during tne test seteup Lo position the wing as
nearly‘hbrizontal as possible; howaver, the fuselage may have

slipped slightly in the suspension band during loading.

Service Life Computation

An sircraft service life is normally specified by the military procuring‘
agency. Then, in accordance with Reference IY-l, the flight maneuver
spectrum is determined which indicates the frequency and intensity of
the loads which are anticipeted during the life of the wvehiele, The
responsibility of the‘coniractor encompasses a fatigue type test arrange- - .

ment whereby thess anticipated loads are applied to the structure to

verify its capability for withrtanding the specified loads for a test

period equivelent to the vehicles required service life.

Although such a progrem is not without merit, in application it becomes
a time consuming and expensive operation above and beyond the scope of
the present Inflatéplane program, Also, the fact that MIL SPEC A=8E66(ASG)
was written to encompass rigid structures rather than infleted faﬁric |
structur:; may tend to influence the walldity of data obtained fram
conducting such a program. However, in order that some level of
confidence may be establiahad that the Inflatoplane does possess a
significant service 1life, GAC devised an endurance test which Jdmposed
application of the fllght limit load to the structure for a period of

336 consecutive hours,

In accordance with Table 1 of Reference IV-l the nature of the Inflatoplane

mission 1s such as to pluce the aireraft in category € of the flipht

21
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| TABLE IV-1
; __Wing Deflections (inches)
Station No. 1 2 3 A 5 6
Distance From .

Date. Time ¢ - 127.5% 77" 145" 145" TTM 127.5¢

1960  Hr. Min. Load
12-5 0 10 12504 15.48 10.65 6,02  5.23 7.13  10.24
" 1 00 " 16.9 10.95 6.1 5,38  T.44 10,89
" 5 30 " 17.03 11,27  6.34 5.58 7.93 11,99
12-6 2 30 " 17.73 11.80 6.60 5,85  8.92 12,92
" 29 30 " 17.83  11.80 6,60 5.78 8.5  12.54
1227 4 X " 17.82 12,80 6.59 5,80 8.5  12.58
» 53 30 " 17.88 11.85 6.60 5.8 8,60 12,69
12-8 0 30 " 17,86 11.82 6,62 5.80 8.55  12.62
" T 0. " 18,03 11.90  6.62 5,80 8.1 12,77
129 9 15 " 18,08 11,96 6.68 5,88 8,68 12,85
" 101 40 "o 18,30 12,07 6,71 5.8  8.80 13,06
12=10 119 30 " 18,30 12,04 6,70 5.90 8,7  13.05
" 125 35 " 18,41 12,06 6,62 5.90 8,81 13,19
" 128 00 " 18.42 12,06 6,61 5,88 8,81 13,22
1211 141 45 " 18,40 12,10 6.68 5,88 8.80 13,18
"150 25 " 18,42 12,08 6.75 5.90 8.80  13.13
12-12 167 00 " 18,30 12,08 6,75 5.93 8.7%  13.06
L 173 40 18,34 12,08  6.78  5.95 8,80  13.08
12=13 190 30 " 18,38 12,11  6.79 5.98 8.8, 13.12
12=14 214 40 " 18,38 12,12 6.79 5.98 8,86 13,17
12«15 238 50 " 18.43 12.13 6.9  5.97 8.86 13,21
1206 20 %0 - U 18,48 12,16 6,78 5.96  8.91 13,36
1217 291 10 " 18,53 12.14 6.78 5,98 8,88 13,30
12-18 316 45 " 18.%3 12,15 6.7 5,98 8,90 11.35
12-19 33 20 1250 18,38 12,12 6.7  5.97 8.8 13,26
12-19 376 40 G504 15.45 10,12 5.96 5,16 6,8 10,11
12-19 337 00 Zaro 968 6,71 4,19 3.38 3,28 3.01
12-19 337 25 " 8,86 6.9 402 3.3 3,20 3.
12'19 3101 50 " 8083 60‘9 3-84 3005 2070 3.09
12420 3060 4% " 7,38 5.44 3,52 2.80 2.43 2,59
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mﬂwof spectrum whieh spacifies e minimum service life of 7,500 hours,
From Tadle II of Reference 1 en sircraft in Category C can expect the
ttpqmpq of meneuver loeds r;prqlucod tn Table IV-2 during each
2000 hours of £12ght tims. |

TARE IV-2
Inflatoplene Flight Load Spectrum

Q) (2) (3)

_ Percent of Limit Load Fregquency/1000 hrs (1) x (2)
ol 10,000 4500

o55 3,000 1650 ,

65 14000 650

B 300 187.5
.85 100 - 8

95 30 ' 28,5
1,00 20 20
Totals 14,400 ' 721

By nnltiplz;'ing the percent of limit load (Col, 1) times the frequency

of wh'_h this load will be applied in 1000 hours (Col, 2) it is possible
to arrive at & weighted load cycle per 1000 hours of flight time (Col. )
Hence, the percent of load cycle for spplication of the limit load is:

MW=(M) 5% = 2818

or, Zor each 1000 hours of flight time it nmay be asaumed that the limit

load is applied for a period of 2.8l hours, Then, since the test
represented 336 hours at the limit loed condition it may da said that !
iR teima of service life the Inflatoplane has the following eapabllity |

7
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LB = 226

1000 Serviee Life

Service 1ife = 336(1000] 2 120,000 hrs.
2.81

To account for any scatter in data, & scatter factor of 10 has hasn

arbitrerily selected. Hence:
SERVICE LIFE = 12,000 hours

vhich 48 in excess of the 7,500 hours required of a vehicle in thims

category.

As an indication of the conservatism used in the above analysis it may

be pointed out that although the analysis assumes that the limit load
would bs applied for a period of 2,81 hours for each 1000 hours of
flight, Reference IV-3, "Demonstration Progress and Instrumentation Repart
on the GA 458 Inflatoplans," reports on actual time requirement of 1.5
sec, to perform a pullout nianeuver, the 1limit load., Since this load

1s more r.alistically l.5 x 20 = 30 second per 1000 hours rather then

the 2;& hours used in the calculations, Behce,an additional factor

of safety of a‘gs_%;_@_q = 338 has been included to compensate for the

fact that a static test rather than a fatigue test was used to deternine

the vehicle's service 1life.

Also, it should be noted that these figures do mot reprasent the limit
of the cepablility of the aircraft since no fallure occurred. Teating
vas fineily terminated withouh experiencing a failure in spite of the
fact that the aircraft has seen considerable upe prior to initiation’

of the 1ifa endursnce test,
28
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CONCLUSIONS

The daflection xeasurements shov an initial displacement of approximately

7.5 inches at the wing tips and 3,5 inches at the outer bracs cable attach-
nont point immediately upon epplicatiom of -thé 2.5 g 1imit load. After
inltial dhphcemanf.,a mors gredusl displacement occura for a period of
about 35 op 40 hours. Pollowing this phese only slight falric creep was
o@er:o‘nced throughout the remaindsr of the test until the losd was removed
efter ‘336 bours. Upon removal of the load, deflections egaln docréased
quite rc‘pidiy at first and more slowly thereafter (see Figure 6) leaving a
remaindar of approximately 20 percent deflection 24 hours aftsr load rmovd.
Maxinmun dellection of the wing‘up vas 7.5 percent of the wing half span.

Averaft service 1ife besed on the limit deed load test ia conservatively

calculated e» 12,000 hours minimum., This figure exceads the specified
servicea 1ife of 7,500 hours required of a2 wehicle of this classification.
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SECTION V - PHYSICAL TESTS OF SURTACE, MATERIALS

&, GENERAL

%o deternins thes resistance of Airmat surface materials to mechanical
abuse, the Inflatoplane empemnage, wing, and cockpit paterials were sub-
jected to a series of teste designated es standard mothods for determining

losses in physical properties of fabrics. The usefitl 1ife of the Inflato-
plans. would be seriously impsired should these materials exhilit excessive
losses resulting :;rom such tests., Aged fabric samples were selected %o
Iurt$er ctress the materials physical capabilities for withstanding such

T i e AR o AASTTS o on

treatment,

The empernage, Code A-349, and the cockpit, cdlo A-351, cover fabrics are
essentially the same material, a two ply straight conat:;uet'ion varying

only in depth of the Airmat section. Test values obtalned from these
materials are, therefore, direcft.ly comparatle. The wing materisl, Code '
A-350, dift'éra fron t.fxe formor two as it consists of three plies per
surface; & left blas, right bias, end a straight ply. Tho processed
fabric specifications are given in Table V-1 es extracted trm'enclosure 1

of Ralerence II-l.

nest specimens of the empennage and wing msterials were from used panel
pections while the specimen of the cockpit material was from aged but

unuced material,
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B. APPARATUS AND PROCEDURE

The materials teatihg'facilities of the Research Laboratory of the
Goodyesr Tire and Rubber Company were used for performimg the tests

reported herein,

All tests were performed in accordance with the ‘procedures as outlined in
Reference Vbi {MIL-C=21189(AER),. 7This military specificetion was written

end approved by the Bureau of Aeronsutice, Department of the Navy, as a

standard for evaluating Zii-2 and ZPG-2W leminated airship eavelope e¢loth;
hence, the individual test procedures will not be repanted here, Tga
reader ig referred to the atove mentioned military specification for
edditional information pertaining to the test Apparatus and procodurss used

in obtaining thess results.
c. RESULTS AND DISCUSSION

The physical test data obtained 83 a result of these tests are given in
Tabdle V2. Since only & limited emount of fatric was availafne fof these
tests, tha stirip tensile method was sclected for obtaining tha material
breaking strongth and ultimate elongation. Although this mathod is

approved for fbric without blas plies, lower stremgth values usually are
obtained as compared to the cylinder burst method. This is caused by g E
8light misaligrment of the yarns and the inability of the dias pliea to |
carry their share of the load when conducting strip tensile tests, conditions
vhich do not influence eylinder burst strength values, Hence, an would be f b

axpocted, materlal breaking strengths for the older materials tested here

n
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are not as high as those reported in Table V-1 (obtained from cylinder
burst tects of nev material) but are suitadble for comparative purposes

when evaluating thae degraddtion of physical properties resulting from

mechanical abuse. .
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TABLE V’-l
Airmat Fabric Specifications Inflatonlone
: Empennage
1. Classification Ving Cockpit Aileron & Flap
2. Goodyear Code _ 4350 A35L | A349
© 3. Outside Color Plain Plain Plain
4  Number of Plies : 3 2 2
5. Construction (outside to inside) (1) (1) (1)
a.) Spread (oz/sq/yd) 1.25 —— ———
b.) Cloth (osz/sq/yd) 1,40 BL = «ce-- —— ,
c.) Spread 2.50 1.25 1.25
d.) Cloth . 1.40 BR 2.05 S 2.05 S
(. ) Sp!'ead 3.00 5050 5. OO
£.j Alrmat Cloth 15,00 S 8.60 S 9.25 S
6.  Nominal Weight - o2/sq yd 34,00 26.20 26.20
7. Weight Tolerance = o2/sq yd 1,7 1.25 1.50
8.  Tensile-Min-lbs/inch-Warp 180 150 140
9. Min-1bs/inch-F111 174 150 140
10. aln-1bs/inch=File 28 28 . 28
11. Tensile Test Method (Warp & Fill) Cyl.Burst(l) Cyl,Burst(2) Cyl.Burst(2)
12, Material Rylen Nylon Nylon
13« Cloth » Outside .to Irvide 35238 3511N 3511N

35238 (1) ASLN (1) 8937 (1)

(1) For Alrmat Construetion sach side is symmetrieal,

(2) For Airmat, cylinders are nade from each surface with pile yurn cut
avay for tasting.

Bl = Blas Left

BR = Blas Right

S = Straight Ay
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| TABLE V-2
¥nysical Test Data on Empennage, Ving
"~ end Cockpit Surface Mauterials
Section Empennage, Aged Wing, Aged Cockpit, Aged
Code No, Used A=349 Used A-350 Unused A=-351
Hozy  ELAL Harp Flll Warp Fill
1) Breakins
Strength : 486 360 340 325 445 265
(1bs/2 inch) 420 366 383 342 469 286 &
&5 37 377 352 480 295 P
Ln 383 392 343 472 299 :
92 370 412 335 450 280 - §
Average (1bs/in) 253 185 190 149 23 142
2) Ultimave ’ ‘
Elongation Avge 389 41,2 417 2.2 31.4 27.0
(psrecent) o
3) Brecking - £
Strength After 436 2 379 338 389 3L, y
Rotoflexing - 469 360 398 360 494 338 : )
(1bs/2 inch) L% A6 380 301 504 310 I
Average (1bs/in) 230 183 193 166 231 160
4) Utimate |
Elongation ' -k
- Aftor Rotonax!.ni |
Average (parc.nt) 35.0  37.8 419 4.0 30,3 28.8
5) Breaking 505 370 375 319 i 301
Strength After 410 360 373 319 472 300 g
Creasing 475 385 310 327 365 31
Average (1ve/in) 231 186 176 161 218 152
6) Tear Strength -
(1be) 56 49 140 100 50 45
: s4 50 115 103 52 . 50
3 53 , 120 103 50 45
Average 54 51 125 102 51 47
34
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TABLE V=2 (cont'd)

Section Empennage, Aged ing, Aged Cockpit, Aged
Code Mo, Used A-349 Used A-350 Unused A-351
Warp Fill Varn TFill taro Fill
7) Pbrmeabili
(litOrS/z (1) 005‘005 005'0.‘ 0.5-0.7
24 hrs) (2) 0.5-0.5 0e2+0.4, 0.8-0.8
(3) 0.0-0,0 0.4+0.5 0s1e0.2
8) Perme=bility te (1) 0.5-0.5 0.1-0.2 0.6+0.8
H2 after foto= {2) 0,2-0.3 0.2-0.5 0.5=0.7
flexing (3) 0.2-0.4 0.5+0.5 0,305
After 10,000 cycles
9) Pormesbility to (1) 2.6-2.5 1.0-1.0 3.1-3.1
Hz ﬂttﬂr (2, 1.3"1.3 1.0‘1.0 1-9‘109
cyclic LOldl (3) 200‘2.1 1.1-1.0 1.7-1.7
After 100,000 cycles
‘1) 201"2.1 1.1-100 301"2-8
(2) 107"1.8 101—101 2.1"‘201
(3) 2.2-2.8 Sample 3 damaged 2:9-3.0
Testing Stonped
After 10,000 Cycles.
Failure in
10) Seam Strength 150 aplicing fabric 330 seam 265 seam
(1bs/2 inches) 175 328 seam 283 seem
155 L n 360 seom 262 seen
183 " - n 362 scem 300 sean
125 n n 330 fabrie 285 sean
174 v " 317 sean 209 seam
152 " " 274 sean/fab., 266 sean
140 " f 372 fabric 262 secan
- 393 265 sean

Seam Construction

11) Cylinder Flong=

ation Percent
after 72 hrs,

Infiation
Pressures

2% N-2582 Biss

A=3.9
1" N-2582 Bias

Length Cire,

3" A=330 Bius

A=350

14 a-330 Bies

Length Cire,

3% A«330 Bias

A<351

184 N-2582 Blag

Length Cire,

Warp 1.72 1.7 Warp 1.54 2.91 Viarp 1.85 2.10
Fill 1,39 2.25 Fi11 1.53 2.24 Fill 1.87 1,75
11.7 pod 5.0 pei 12,5 pel
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A comparison of the rasults on this soriens of tasts shecws nractically the
same values for the used and umused material. In some instunces the used
materisl exhibited aven higher breaking strength than the unused material.
This may be explained by the fact that the samples had to be picked from

existing airplane sections end were not all from the same fabrication run,

A slight degradation in strength can %o seen afier rotofleiing and creasing3
i.e., approximately 2%~5% for cockpit and empennage materiel and ebout 7%

for the wing material,

The permeability of hydrogen through the matcrial increases after apolication
of » cyelie load of 10,000 cycles by e factor of 3 to 5 for cockpit and

enpennage end a faclor of 10 for wing material, but does not increase notably

thereafter up 40 100,000 cycles,

CONCLUSIONS

Airmat surfece materials withstend mechanical ebuse without experiencing
serious loss of physical properties, After rotoflexing and creasing a
strength » .duction of only 2 to 5 percent for tha cockpit and empennsge
material and epproximately 7 percent for the wing falhrlc substantiates this
fact, Additionally, it must bo remembored that the teated materinls were
about four years old and both the emponnage and wing specimen wore from

usaed panele,

The initial broaking strengthe (Item 1, Table V-2) also compare favorably, .

connidering the condition of the spocimen and the mothod used {or obtaining
these valuen, Direct eomparison of the initinl strenpth values with those

given in Appendix A cannot be used to evaluate aging effccts since different

36
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test methods vwere used. However, the initial strengths found in this study

are sufficlently high as to preclude excessive strength losses due to aging.

' , i
On this basis then, 1t must be eoncluded that mechanical abuse does not 3
slgnificantly reduce the service life of the GA 468 Inflatoplane.
z'

37
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SECTION VI - DEAD LOAD TETTS ON VING MATERIALS

GENERAL

In a further attempt to determine what effect aging had played on the
Inflatoplane life, dead load time tests were performed on both the surface
fabric and drop threads of the Airmat wing material. Both new and used

samples were tested for comparative pur?oses.

Ffom previous test results of fabtrlc materlals it is a well established
fact that these materials exhiblt a straight line failure curve when applied
dead Luad 1s plotted as a function of time (logloscale). Furthermore, past
gxperience has shown that although aging may shift the nesition of the dead
load versus time curvé, the s)lope of these curves for all fr'agctical purnoses
should qemain constant. A large reduction in slope of this curve would‘
imply that aging had resulted In & significant reduction of the structural

capabilities in the design mortion of the curve.

| By definition, the quick break strength of a material is that load which

whgn applied at a constant load rate is just sufficient to break the fabrile.
Any lessor load when applied to the same specimen will require a longer tixﬁe
to fall and will vary as a strolght line funchion of loglotime. Normal
fabric design procedures select o sufficiently low load-level as to nrovide
a long life expectancy, 4s anaxomnle of this, the wing of the Inflatoplane
in designed to pfovide a 1ife expoctancy of savernl decades bascd on the
design prossure, tha 2.5g limit load, and the wing fabric load-time curve,

This of course 1s an oversimplificd analysis eliminating such signifieant
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variables as aglng, packaging and olher ﬁatcrial cbuses vhich tend to
reduce the life. Hence, the nurnose of these tests was to determine the

extent of reduction in life caused by naterial aping.

In order to conduct a dead loed time test within a rcasonable time span
the fabriec 4s londed to gome high norcentage of the quick break sirength
(usually 50 wercent or more). Such wns the case for both the surface
fabric and drop thread tests conducted during this study. To determine
control values, cuick broak tests were nerformed nrior to conducting

the dead load time tects. By performing thece tests first, the material
quig‘k bren.kkstrength was determincd and dead load was calculated based on

percentuges of the quick break value,

SURFACE FABRIC TESTS ,

(1) Control Tests
Quick=break tensile tests were norformed with the Instron machine on
four warp end four fill samles of surface material from new Airmat
wiyng fabrie, Somples wers o Inches wlde, and were tested at a load
rate of 12 in/min with e three-inch goge length, The average of the
warp and £ill strongths were uvsed as the 1007 quick-break values for
dead load gesta porformed on additlonal new and used samples
of the samo material. The results of tho control tests are glven

in Table V-,
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" TABIE VIel |

Surface Fatric Quick Break Strength

load Ave. Strength
Direction Lbs/2 In (Lbs/In)
Warp 410,416,430,433 211
Fi11 280,279, 254, 265 135

(2) Dead Load-Time Tests

. {a) Apparatus and Procedure

‘ In conducting these tests, material specimens one inch in width
were dead loaded to various percentages of thg oulck-break strength 5
of the new material while the time to failure was recorded. A

photograph of the test setup 1s shown in Figure;VI-l.

Some difficﬁlty wag experienced with jaw and jaw pin failures;
that 18, falluwe of the faubric at the intersection of the jaw,
and 1naide.the ﬁauvaﬁ the clamping pin. This often required
sanding or.filihg of the jaws as well as the intermittent use

of fabric shims. The compressibility of the wooden jaws was the
cause of this problem. Another complication of the results was
the fact that a number of samples (used warp and all £ill) were
not cut parallel to the yarns. Typlcal of tests of this nature,
a wide variation of timos-to-fall wan experiencod and some values

had to be excluded from the evaluation,
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Fipure Viel « Surfuce Fabric Dead Load Tast Arrangement
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(b) Results and Discussions
Dead load tests werekconducted on samples of new and used wing
surface cover fabric in both the warp and fill directiops. Table-V-2
presents the results of these tests, Averuges are based on log10

time. A plot of the results is presented in Figure VI-2.

(¢) Conclusions

The time-load curves show the difference in initial strength

- between the new and used materials, Although some shift is

Tttt St o s g

evident in the position of the curves which can be attributed to‘
the sample construction (see item a above), the fact that the
slops of the curves for the corresponding new and used fabric is
almost the same indicates that there is practically no change in
endurance regarding life expectancy of the Inflatoplanc wing

surface materials,

C. DROP THREAD TESTS

(1)

Control Tests

Initially, quick=-break tensile tests were run on new nylon drop thread
apecimena using the Instron testing equipment of the Research Laboratory
of the Goodyear Tire and Rnbber Company. The time to break was
approximately four (4) seconds at an elongation rate of 400 percent

per minute with a three (3) inch gage length., The rosults of the tests

are given in Table VI-3,
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TABLE VI=2
: Surface Fabric Dead lLoad - Time Tests
loed level  Load Failure Type of
Material % (1bs/4in) Time Break
New Warp 80 168 3/4 27.5 sec  Jaw*
37.5 sec Jawit
1 min 5.5 sec Pin#
2 min 2.5 sec Good
2 min 51,5 sec Pin
4 min 38 sec Pin
Average 3 min 0 sec ‘
70 7 3/4 2 min 4Ll sec Jaw
19 min 23 sec Good
23 min 50 sec Jaw
‘ 43 min 27 sec  Pin
3 Average 27 min . 10 sec
New Fill 80 108 2 sec Jaw#

9.5 sec Good

75 1014 14 sec  Good
3 min 1, sec Jaw
8 min 4, sec Good
Average 1 min 52% sec
(VR 94% 1-3 hr (exact time unknown) Good
65 87 3/4 1 hr 57% sec  Jaw*
1l hr 7 min 39 sec Jaw#
6 hr 35 min Good
15 hr 26 min
Avéra(;o 10 hr 5 min

*Not included in average time-to-fail
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TABIE VI-2 (cont'd)
Load Level Load Failure 4 Type of
Material % (1bs/in) Time Bresk
Used Warp 70 147 3/4 ‘ 0 sec  Good
: 11.5 sec Good
60 126 23 sec  Good
5 min 3 sec Good
5 min 47 sec Good
17 min 11 sec Good
: Average 3 mih 43% sec
? 55 116 2 min 53 sec  Good
: ' 7 min 50 sec Jaw
) lhr 23 min Good
Average 12 min 20 sec
? 50 1054 21 da 21 hr 15 min Good
Used Fill 75 1014 18 min 484 sec  Good
26 min 2% sec Jaw
58 min 38 sec Good
l1hr 51 min 3% sec Good
Average 42 min 154 sec
65 87 3/4 11 hr 5 min Good
lda 12 hr 2 min Jaw
4 da 6 hr 59 min Jaw
18 da 18 hr 49 min Good

Average 2 da 17 hr 37 min

LA
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The so-called quick=break strengths are used here merely to establish
a test load level., The threads were composed of two strands of 70

denier eéch, twisted together. The results of Table VI-3 substantiate

that the tenaclty of these threads was just slightly greater than
7 gm/denier.

TABLE VI=3

Drop Thread Quick Break Strength

s e B 14 i AT T 5 £ RO W Vok i i b e e Fapiatit e

Specimens No. 1b

2.07
2.16
2.19
2.27
2.20
2.14
2.28
2.18
2.11

Average 2.18 (= 989 gm)
140 Denier = 7,06 gm/denier

o s

VoIV wWwn

e e s e 1 e O o5 .

() Do~ Lond-Timo Tests
(a) Apparafus and Procedurs

In order to porform load-time tests on the drop threads, a small
wooden frame was built and steel pegs approximately 1/8 inches in
diameter were fitted into the top of the frame as the upper
supports for the threads. FPlastic-top bottles were partly
filled with mercury and were fitted with eyelets which acted as
the bottom tensioning member. The diumeter of the eyelets on

the lower tensioner was 3/32 inches. Figure Vi-3 illustrates

the test anparatus.
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The threads were wound once around the top and bottom members
and theﬁ tied to the‘small métal eyelet. The uppef suppord
pegs were sandpapered and polished with crocus cloth after the
first set of tests (at 80 quick break with unused threads)
wvas run, These involved the longecst time under load. It

is possible that longer times would have been obtained if

these tests had also been run with polished peg supports.

The two sets of drop threads compared in dead load tests were
(1) from new Code A350 Inflatoplane wing material which wes
recently woven to replace the GA-468 wings with "hard wrinkles"
and (2) from plane No. 4111 which had seen seven hours of flight
in 1959 and had recently been given a 336=hour inverted 2.5 g
loading test, The second set of threads was taken from under
the edge of a cable~attachment natch where the drop thread
loading during the test would have been close ﬁo a maximum,

The tests were run at room temmerature, anproximately 80°F,

and the material was high-tenecity Type 66 nylon.

(b) Results and Discussion
The results of the dead load tests ¢n new and unused threada

ore given in Table VI-4 and plotted in Figure VI=4.
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TABLE VI=4
Drop Thread Dead Load-Time Tects
New Wing Drop Threads 3;
Approx, Load GM per Time to Ave. Time ff
% QB gns Denier Break, Sec. logiotp to Break ;
80 792 5,66 3003 3.4776
20 2 5.66 12287 © 4.0896 ‘g
80 792 5.66 2316 13,3647 o
Average 3.3647 4405* sec (73 m 25 sec)
89 882 6.30 15.6 1.1931 i
29 882 6.30 87.7 1.9430 i
89 82  6.30 28.3 1.4518 i
Average 1.5293 33.8% sec f
Used Wing Drop Thread
80 92 5.66 1038 3.0160 |
80 792 5,66 859 . 2.9338
80 92 5,66 1699 3.2301
Average  3.0600 1148% sec (19 m &8 sec)
89 882 6.30 11.6 1.0645 B
89 882 6,30  32.2 1.5079
89 882 6.30 72.9 1,8627
Average 1.4784 30.1% sec

*From average 1°310tB
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(e)

As can b seon from the plot of Figure VI=4 tho used thrcads
exhibit a slight reduction in slope when percent of quick break
is plotted as a functlon of time to failure (logyy). Howover,
this change of slopc 18 so slight that for all pfactical purposes

the load carrying capability of the new and used Airmat wing

drop threads is similar.

Conclusions

The 1life of the Inflatoplane is not seriously affected by aging
of the drop threcads of the Airmat wing structure. From the plot.
of dead load versus time for new and used drop threads; the
reduction in slope of the uscd threads is eo slight'that aircraft
life is not seriously'penalized, despite the fact that the used
threads tested were in excesc of 4 years old and had been

subjected to considerable abuse prior to initiation of these

tests,
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